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Candidate Coatings and Dry Traction Drives for Planetary Vehicles

Robert Fusaro and Fred Oswald of the Mechanical Components Branch discussed

"Candidate Coatings and Dry Traction Drives for Planetary Vehicles". Vehicles to be designed

for exploration of planets and moons of the solar system will require reliable mechanical drives

to operate efficiently. Long-term operation of these drives will be challenging because of

extreme operating conditions. These extreme conditions include: very high and/or very cold

temperatures, wide temperature ranges, dust, vacuum or low-pressure atmospheres, and corrosive
environments.

Most drives used on Earth involve oil-lubricated gears. However, due to the extreme

conditions on planetary surfaces, it may not be advisable or even possible to use oil lubrication.

Unfortunately, solid lubricants do not work well when applied to gears because of the high

contact stress conditions and large sliding motion between the teeth, which cause wear and limit

life. We believe traction drives will provide an attractive alternative to gear drives. Traction

drives are composed of rollers that provide geometry more conducive to solid lubrication.

Minimal slip occurs in this contact geometry and thus there is very low wear to the solid
lubricant.

The challenge for these solid-lubricated drives is finding materials or coatings that

provide the required long-life while also providing high traction. We seek materials that provide

low wear with high friction.
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A coating that has structural strength but still has the ability to flow at the interface can support the load
and the wear process is one of gradual wear through the coating (left). Coatings without sufficient

structural strength can still lubricate by forming a very thin film at the metallic surface. The life of this

lubrication mechanism is strongly dependent on the topography of the metallic surface.
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Photomicrograph showing the thin film lubricating mechanism for a polyimide coating that was unable to
support the load. A thin film of material at the metallic surface has Nrmed and the roughness (scratches)

in the surface helps hold the material in place to provide a long endurance life. Most soft lamellar solid
lubricants lubricate by this mechanism. Proper substrate surface preparation is important for obtaining a

long endurance life.

NASA/CP--2002-211882 32



Disk Lubricant
Material

,Solid I ' , :(rnrn:'/Nmx'lO_) I {mm,/Nmx'°_)

Polyimide (P1-4704) Film 4d0C 0.13 4000 0
i , i i i

Poly(amid e-imide) Solid 440C 0.37 4800 0
Composite I I i I ,

PolyimiclelGral_it_ Solid _ 440C _ 0.37 _ 900 _ 0
Powd_ CampositB
UHMWPE Solid 4d0C 0.40 380 0

, , i i i

0

Sputtered MoS_ _Film = 440C _ 0.05; _ 70 _ 0
Vacuum . , ,

Polyimide (!00" C) Film 440C 0.02 0 0
I I , i

Diamond-I ke 'Fi m ' 440C ' 0.05 ' 21100 ' 0 02
Carbon
PS-200 Film Cobalt 0.20 2_00 3000

Alloy,

This table shows the friction and wear of various sliding couples illustrating that low friction and low wear
do not always occur at the same time. For traction drives we want high friction and low wear. One should

not assume that just because you have high friction you will also have high wear.

_ype of Solid
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This table shows the friction and wear of some commercially available composite materials sliding against
various counterface materials in dry air. The table illustrates how the counterface can markedly affect the
tribological properties of a composite. Thus it may be possible to develop better traction drive rollers by

considering materials that have higher friction when sliding against low wear composites or coatings.
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This table compares the friction and wear properties in air and vacuum to illustrate how oxygen and water
vapor can affect tribological properties. The results show that the PMDA polyimide or the Graphite Fiber

Reinforce Polyimide (GFRPI) have potential for traction drive rollers in a planetary environment.
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Plasma Sprayed (PS) coatings were developed for high temperature lubrication applications. This figure
illustrates that in oscillating journal bearing tests the friction remains relatively high over a range of

temperatures from -107 ° to +870 ° C. This high friction characteristic makes these materials candidates for
traction drives for space applications on cold planetary surfaces.
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The loss in radial clearance (wear) for the oscillating journal bearing tests indicates that wear is relatively

low at -107°C when compared to room temperature (25°C) indicating that for cold planetary surfaces this

could be a good traction drive material.

lin¢ l Remarks

Drives

- Desire 5olid Bodies or Coati_s that have low
wear and have the abili W to support the
loQds.

- Desire 5olid Lubricants that have relatively
high fNetion coefficients.

- Plasma Sprayed (PS-I01) Coatings have been
tested at low temperatures and seem to have
desirable characteristics.

- CertQin Wpes of polyimJdesused as coatings

and fiberreinforced polyimidecomposites are

also possiblecandidates for this apNicatio..
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Traction

for Planetary Vehicle Drives
Fred Oswald

NASA Glenn Research Center

Left, Mars Athena '03 rover. Right, Boeing concept for a pressurized Lunar rover.

for Planetary

Oblective

Traction

Vehicle Drives

• Develop solid lubricated traction drive for rover vehicles

• Provide efficiency & long life in hostile environments

Benefits

• Provide robustness to harsh environment
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Wear Resistant Solid Lubricants
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Polymer Materials

1 Pa]yphenekne _tfide w/_0% graphite _ers

4 PMR 15 l_ly_fle "_% P'ITE
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6 80% PI_ N20 % WI'D A po_pimide
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Wear rate per meter ofsliding, m3/m

For a traction drive, we need high friction (traction) with low wear.

The 100% PMDA polyimide solid (#5) and film (#8) materials show promise.

Proof of Concept Traction Tester

This simple device can test traction roller materials in vacuum. It includes provision to cool the rollers

through hollow shafts. With minor modification, it can also test gears.
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Proof of Concept Traction Tester
Roller unit shown with vacuum cube

Partly completed traction drive tester is at left. Project awaits restored funding.
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